Several years ago Yellon and coworkers [1] described the cervix as the ''gatekeeper for pregnancy.'' Indeed, maintenance of pregnancy is exquisitely dependent upon a closed, competent cervix combined with a quiescent uterus. At normal term pregnancy, birth is accomplished by a coordinated ripening and dilation of the cervix, accompanied by uterine contractions. In cases of term pregnancy where uterine contractions occur without proper cervical ripening, delivery of the fetus is accomplished by cesarean delivery or induced by pharmacological and mechanical means to hasten ripening of the cervix. On the flip side, early ripening of the cervix and/or short cervices are predictors of pregnancies at risk for preterm labor. Early cervical ripening or an incompetent cervix removes both the structure necessary to support the growing fetus in the uterus and compromises the integrity of the physical barrier between the vagina and uterine cavity, thereby promoting an environment favoring intrauterine infections.
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As elegantly reviewed by Dr. Ann Word and colleagues [2] , the cervix undergoes a continuous remodeling throughout pregnancy in humans, with an initial softening phase that takes place over the interval from conception to approximately 32 wk of gestation. A second ripening phase occurs over the final weeks of pregnancy, leading to cervical dilation as labor approaches and progresses. Because of the importance of the cervix for its role as a ''gatekeeper'' of pregnancy and its implication in preterm birth, numerous studies have been performed focusing on the endocrine control, tissue biomechanics, and immunology involved in cervical ripening. For most of gestation, cervical structure and integrity depend largely on cross-linked collagen fibrils (types I and III predominate). During the ripening phase, there is a decrease in tissue collagen concentration, largely due to increases in the hydrophilic glycosaminoglycans and water they attract to the cervical stroma [3] . As the tissue hydrates, there is an increased susceptibility of collagen to collagenase activity, resulting in enhanced collagen solubility and dispersal. A number of additional factors influence the rate of ripening (e.g., decreases in the glycoprotein decorin, which binds and stabilizes collagen fibers) and increased hyaluronan [4] . The latter weakens the interaction of collagen with fibronectin, further promoting collagen dispersion. During cervical ripening, the content of hyaluronan in the cervix increases, as does expression of its biosynthetic enzyme, hyaluronan synthase II. Of particular relevance, hyaluronan binds to CD44 on macrophages to activate these immune cells [5, 6] . Activated macrophages release chemokines, promoting further recruitment of immune cells, as well as the release of collagenases and other proinflammatory agents promoting the cervical ripening process.
Although the mechanism for cervical ripening has been likened to an inflammatory process [6] [7] [8] , the role of immune cells in the ripening process has been controversial. Studies of the human cervix have demonstrated a clear influx of leukocytes into the cervix, either preceding or coincident with the onset of labor [9, 10] . This periparturitional immigration of leukocytes, predominantly macrophages and neutrophils, is also associated with increased cervical proinflammatory cytokine production. In several strains and species of rodents, histological analysis supports an increase in the number of macrophages and neutrophils in the cervix by the day before birth [11] . Other studies in rodents did not find changes in either cervical macrophages or neutrophils during pregnancy, perhaps reflecting methodological considerations [12] . Further, neutrophil depletion was noted to have no effect on the timing of parturition in mice, and insertion of a transgene into the mouse genome that disrupted cervical remodeling did not alter the influx of immune cells into the cervix at term pregnancy [12, 13] . Part of the controversy surrounding the role of cervical macrophages, neutrophils, and other leukocytes likely revolves around the functional state of these cells as well as around methodological considerations. The present study by Payne and coworkers [14] in this issue of Biology of Reproduction focuses on an elegant approach to accurately assessing resident populations of immune cells and phenotypic markers of functional activities related to the mechanism of extracellular matrix degradation in the murine cervix during pregnancy.
This present study [14] from Dr. Yellon's laboratory analyzed cells from perfused, dispersed cervix of nonpregnant or pregnant (Days 15 and 18 of pregnancy; term is Day 19) mice using a multicolor flow cytometry approach. The results clearly indicate an increased number of macrophages, the predominant myeloid cell, by Day 18 of gestation. A lack of a significant increase in cervical neutrophils or relevant markers of neutrophil activity in the mouse prepartum cervix, although not excluding a critical contribution of neutrophils to the ripening process given their brief lifespan [15] , is consistent with prior studies showing no effect of neutrophil depletion on cervical ripening. An additional key finding by these authors is a significant increase in the number of macrophages expressing the macrophage activation markers (CD147 and CD169) by the day before birth. Between Days 15 and 18 of pregnancy, a decline in the expression of the adhesion markers CD54 and CD11b was also reported, potentially reflecting the recent immigration of these cells into the cervix. Collectively, the present findings by Payne and colleagues [14] support the hypothesis that remodeling of the cervix at term in mice is associated with recruitment and selective activation of macrophages that promote extracellular matrix degradation and shows that a recruitment of these cells to the cervix is a common theme in both rodents and humans. In addition to the expression of metalloproteinase that the authors observed, macrophages are a source of nitric oxide, prostaglandins, and proinflammatory cytokines [16, 17] , factors collectively promoting local inflammatory reaction, including increased vascular permeability, edema that promotes collagen dispersion, and degradation of the extracellular matrix [18, 19] .
Progesterone clearly plays a role in maintenance of cervical integrity as well as uterine quiescence during gestation. In most mammalian species, a progesterone withdrawal occurs at term gestation, facilitating both cervical ripening as well as promoting the switch from a quiescent to a contracting uterus. Unlike human pregnancy, in rodents there is a systemic decline in circulating progesterone at term gestation. However, in the cervix of both of these species, a local progesterone metabolism appears to be necessary to facilitate the ripening process [20, 21] . Considering that progesterone has been shown to have anti-inflammatory actions in the uterus [22] , it will be of interest to further study the role of progesterone in the functional activation of macrophages that was noted in the present study by Payne and colleagues [14] . In a recent study [23] , it was demonstrated that a proinflammatory cytokine, IL1b, could enhance human cervical fibroblast metabolism of progesterone via upregulation of the 20ahydroxysteroid dehydrogenase, aldo-keto reductase type 1C1 (AKR1C1). Thus, a subtle interplay between cervical macrophages and neutrophils and progesterone may ultimately determine the fate of the cervical structure as gestation progresses.
In conclusion, indices of immigration and activities by macrophages may serve as markers for local immune cell activity that is critical for ripening of the cervix in the final common mechanism for parturition at term. Thus, novel approaches can now be developed that specifically target cervical macrophage function or recruitment in women with early cervical ripening or short cervices. New approaches can also provide a potential means to diagnose or treat advanced or delayed cervical remodeling that are associated with preterm birth or dystocia and delayed parturition, respectively.
